During postnatal refractive development, an emmetropization mechanism uses refractive error to modulate the growth rate of the eye. Hyperopia (image focused behind the retina) produces what has been described as "GO" signaling that increases growth. Myopia (image focused in front of the retina) produces "STOP" signaling that slows growth. The interaction between GO and STOP conditions is non-linear; brief daily exposure to STOP counteracts long periods of GO. In young tree shrews, long-wavelength (red) light, presented 14 h per day, also appears to produce STOP signals. We asked if red light also shows temporal non-linearity; does brief exposure slow the normal decrease in hyperopia in infant animals? At 11 days after eye opening (DVE), infant tree shrews (n = 5/group) began 13 days of daily treatment (red LEDs, 624 ± 10 or 636 ± 10 nm half peak intensity bandwidth) at durations of 0 h (normal animals, n = 7) or 1, 2, 4, or 7 h. Following each daily red period, colony lighting resumed. A 14 h red group had no colony lights. Refractive state was measured daily; ocular component dimensions at the end of the 13-day red-light period. Even 1 h of red light exposure produced some hyperopia. The average hyperopic shift from normal rose exponentially with duration (time constant 2.5 h). Vitreous chamber depth decreased non-linearly with duration (time constant, 3.3 h). After red treatment was discontinued, refractions in colony lighting recovered toward normal; the initial rate was linearly related to the amount of hyperopia. The red light may produce STOP signaling similar to myopic refractive error.
Introduction
Refractive error occurs when there is a mismatch between the location of the focal plane, produced by the cornea and the crystalline lens, and the location of the retina, which is controlled by the axial length of the eye. In the early postnatal period, refractive error is common in both humans and animals. Most eyes initially are hyperopic (focal plane behind the retina) (Bradley, Fernandes, Lynn, Tigges, & Boothe, 1999; Cook & Glasscock, 1951; Mutti et al., 2005; Norton & McBrien, 1992a; Wallman, Adams, & Trachtman, 1981 ). An emmetropization feedback mechanism uses the hyperopic refractive error to modulate the axial growth rate of the eye, increasing it so that the retina comes to lie very near the focal plane in the unaccommodated eye (near emmetropia, but typically slightly hyperopic) (Norton, 1999; Norton, Siegwart, & Amedo, 2006; Schaeffel & Howland, 1988; Wallman & Winawer, 2004; Wildsoet, 1997) . This process seems to involve retinal neurons (likely, amacrine cells) (Bitzer & Schaeffel, 2006; Feldkaemper, Burkhardt, & Schaeffel, 2004; Fischer, Miethke, Morgan, & Stell, 1998; Fischer, Morgan, & Stell, 1999; Fischer, Seltner, & Stell, 1997; Mathis & Schaeffel, 2007; Seltner & Stell, 1995; Stell, Tao, Karkhanis, Siegwart, & Norton, 2004; Vessey, Lencses, Rushforth, Hruby, & Stell, 2005; Vessey, Rushforth, & Stell, 2005; Zhong, Ge, Smith, & Stell, 2004 ) that detect the refractive error and generate what have been described as GO signals (Rohrer & Stell, 1994) . There is evidence that these travel in a signaling cascade through a direct, spatially local pathway (retinal pigment epithelium, choroid) to the sclera where they produce altered mRNA levels leading to biochemical and biomechanical remodeling that increases the axial elongation rate. (Guo, Frost, He, Siegwart, & Norton, 2013; Guo, Frost, Siegwart, & Norton, 2014; He, Frost, Siegwart, & Norton, 2014a ,b, 2018 Norton, Essinger, & McBrien, 1994; Schaeffel, Troilo, Wallman, & Howland, 1990; Siegwart & Norton, 1999) . Note that GO signaling is a conceptualization that summarizes the effect of visual stimuli on the axial elongation rate of the growing eye. In tree shrews, as in other species, a minus-power lens (ML), held continuously in front of an eye, shifts the focal plane away from the cornea and behind the retina, creating hyperopic refractive error. This stimulates the emmetropization mechanism to produce GO signaling that raises the axial elongation rate 
